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RESPONSE OF BURIED STRUCTURES 


A number of interesting phenomena, which relate to the design formulas and prin¬ 
ciples outlined in this section, are found in the area of underground nuclear and 
conventional explosion experiments. It is often necessary, for example, to evalu¬ 
ate the nature of the dynamic response of a buried structure. In such situations 
the study of soil-structure interaction requires knowledge of the material proper¬ 
ties and ground motion parameters. Near the point of detonation, the surrounding 
medium behaves as a fluid subjected to intense stress and velocity fields, and the 
structure may be experiencing rigid-body displacements. The extent of the ini¬ 
tial ground shock can be estimated if the effective duration of the stress wave 
and the natural period of vibration of the particular structural component are 
known [96]. 

Although a spherical stress wave is generated from the point of the disturbance, 
it is often customary to consider a one-dimensional stress wave in the analysis, 
neglecting the influence of lateral inertia. With this assumption, one-directional 
frequency response, such as that indicated in Table 16.2, can be utilized to deter¬ 
mine the level of analytical sophistication required in dealing with the problem. For 
instance, consider a ground shock enveloping a buried steel pipe of radius 24 in. 
Let the effective duration of explosion in a nuclear test be 30 msec. Using the 
formulas from Tables 16.1 and 16.2, the natural period of vibration of the pipe in 
the breathing mode becomes 
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For E = 30 x 10 6 psi, u = 0.3, and p = (0.284/386.4) lb-sec 2 /in. 4 , Eq. (16.12) gives 


T = 6.28 x 24 


0.284 x 0.91 
30 x 10 6 x 386.4 


1/2 

= 0.71 msec 


According to the rule given in Chap. 11, the time of load application is certainly 
much longer than the natural period of a breathing mode, calculated for the pipe, 
with the required ratio higher than 3. Hence, with only a minor error, the loading 
in the explosion discussed above can be represented by a step pulse of infinite 
duration, so that the buried pipe can be analyzed statically. 

From the physics point of view, isothermal deformation is expected under con¬ 
ditions of static loading. Under dynamic loading the process of deformation is 
considered to be nearly adiabatic. The deformation leading to the plastic flow at 
the level of impulsive loads, lasting only a few microseconds, experiences a time 
delay. The corresponding secant modulus of elasticity is known to increase with 
the rate of loading so that the particular structural member is not expected to yield 
if the time of response is less than the time delay to yielding. In practice, however, 
these effects are seldom accounted for, and static elastic constants can be used in 
the analysis. 



